Circular dichroism studies of barnase and its mutants: characterization of the contribution of aromatic side chains.
The circular dichroism spectrum of barnase has been analyzed by examining the spectra of a series of mutants in which every single aromatic residue has been replaced. The spectrum of wild-type barnase is quite atypical for a protein of the alpha + beta class, with very low intensities and a minimum in the far-UV at 231 nm. The minimum at 231 nm is associated with the presence of Trp-94. Many other mutations involving aromatic residues have an effect on the spectral features in the far-UV. The major features in the near-UV spectra arise from essentially additive contributions of the three tryptophan residues Trp-35, Trp-71, and Trp-94. Tyrosine contributions are less prominent, with Tyr-78 and Tyr-97 contributing the most to the CD spectrum. The close charge-aromatic interaction between Trp-94 and His-18, which is important for the fluorescence properties of the protein, contributes little to the CD spectrum, as does the close aromatic-aromatic interaction between Tyr-13 and Tyr-17. However, the observed near-UV spectrum of wild-type barnase could not be simulated by the sum of the contributions of aromatic residues defined by difference spectra of protein variants carrying aromatic residues. Aromatic residues play an important role in determining the circular dichroism spectrum of proteins not only in the near-UV but also in the far-UV region.